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Abstract 
In Japan, where the aging society is progressing due to depopulation and a high risk of natural disasters, such as earthquakes 
and floods, many actual urban master plans (MPs) do not consider the relation between countermeasures for future depopulation 
and disaster mitigation. Local governments do not regard long-term depopulation as a viable opportunity to establish land use 
policy that promotes reasonable land use by aggregating urban land use to areas with low risk. 
This paper proposes the development of a tool for the exploration of land use policy that realizes an intensive urban structure
by considering future depopulation and urban vulnerability to natural disasters. The tool serves as a GIS-based database of 
information about disaster risk for floods and earthquakes, future populations, previous and existing urban land use conditions,
urban structures. The following results are obtained from a case study. First, experts such as local government can distinguish 
areas with high risk by two types of areas: 1) areas characterized by a slow progression of depopulation and aging and 2) areas in 
which it is difficult to sustain the local community and provide public services due to the progression of depopulation and aging. 
The results of this study can confirm various data on urban structures, such as transportation infrastructure, and core urban areas
that provide life services and land use history. Reasonable land use countermeasures for reducing disaster risk can be explored by 
considering previous and existing conditions of urban land use. 
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1. Introduction 
In Japan, where the aging society is progressing due to depopulation, many researchers have suggested that urban 
planning should consider an intensive urban structure, such as the “compact city”, as the future vision of an aging 
society. Some local governments established land use policy to realize an intensive urban structure in an urban 
master plan (MP). Japan experiences a high risk of natural disasters, such as earthquakes, floods, and typhoons. For 
disaster mitigation, each municipality develops a plan to minimize potential damage, which includes emergency 
activities and countermeasures for immediate implementation after a disaster. In addition, the central government 
urges local governments to create an urban disaster mitigation plan, which combines urban planning with disaster 
mitigation planning and it is included in the MP, for cities with a high resistance to natural disasters. However, many 
actual MPs do not consider the relation between countermeasures for future depopulation and disaster mitigation. 
Local governments do not regard long-term depopulation as a viable good opportunity to establish basic policy that 
promotes reasonable land use by aggregating urban land use to areas with low risk [1]. 
This paper proposes the development of a tool to support exploration of land use policy that realizes an intensive 
urban structure and considers future depopulation and urban vulnerability to natural disasters. This tool can be 
employed by local governments in their MP development. Using GIS, we developed a database of information about 
disaster risk, such as hazard maps of floods and earthquakes, future populations, previous and existing conditions of 
urban land use, urban structures, and geographical characteristics. Users can explore land use policy by displaying 
various types of superimposed data in accordance with different themes.  
1.1. Method
First, we performed a literature survey to explore the land use policy for natural disasters to realize an intensive 
urban structure. Second, we developed a support tool for the city of Toyohashi, which is selected for the case study 
because it supports an intensive urban structure in their MP. We collected data to understand urban disaster risks and 
trends of future populations and converted this data into GIS data. The database is developed using GIS techniques. 
Last, to verify the usability of the proposed tool, the case study was performed using the developed tool and the land 
use policy obtained by the literature survey.  
2. Related studies 
A recent international debate on urban shrinkage has ensued due to the enhanced scholarly understanding of 
urban shrinkage, which reflects governance and policy. For example, Großmann et al [2] organized various studies 
related to urban shrinkage to augment and improve the international research agenda on urban shrinkage. Rall and 
Haase [3] evaluated the usability of a program for the city of Leipzig, which is an example of shrinking city that 
began to revitalize its declining neighborhood. 
Based on the information obtained from these studies, numerous studies have explored the vision and urban 
structure that corresponds to a society with long-term depopulation. For example, to obtain information about urban 
structures from studies of spatial simulation, Haase et al [4] demonstrated that a selective demolition of vacant 
housing stock can counteract the vast supply of dwellings and balance the housing demand with the number of 
available flats in Leipzig. He employed the spatially explicit simulation model RESMOBcity. Haase et al [5] also 
provided the initial results of a joint SD (system dynamics)-CA (cellular automata) model and an ABM (agent-based 
model), which both operationalize social science information about urban shrinkage using Leipzig, Germany as a 
case study. 
This paper is unique: it proposes the development of a tool that supports exploration of land use policy to realize 
an intensive urban structure by “considering future depopulation and urban vulnerability to natural disasters” and 
establishes the basic policy that promotes reasonable land use by aggregating urban land use to areas with low risk.
3. Exploration of land use policy 
First, we explored land use policy by considering urban disaster risk caused by natural disasters. The literature [6] 
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discusses an important finding: the construction of safe urban and regional areas using the concept of “avoidance”, 
which specifies that disaster damage is prevented by land use regulations, is a critical issue. Based on this concept, 
we explored some land use policies based on the assumption that the buildings in areas with a high risk of natural 
disasters and a significant trend of depopulation and aging should emigrate to areas with a low risk of natural 
disaster. This emigration creates an intensive urban structure with a low disaster risk. This study focuses on 
tsunamis and ground liquefaction caused by earthquakes and on floods caused by frequent heavy rains produced by 
recent global warming and typhoons. We organized land use countermeasures in accordance with the inundation 
height of floods or tsunamis and the risk of ground liquefaction. Based on these results, we created land use policy 
according to the trends of depopulation and aging. 
For countermeasures for short-term disasters, such as floods, securing evacuation facilities with high floor levels 
more than the inundation height of a flood is important. For long-term countermeasures, land use policy that 
promotes emigration from areas with a significant trend of depopulation and aging to areas with a low risk of natural 
disaster and the land use after emigration as an agricultural area, are proposed. Effective countermeasures have been 
developed for areas with emigration challenges due to an insignificant trend of depopulation and aging, an increased 
ground level, building height regulation and the strengthening of levees. Based on these land use policies, we 
proposed the following countermeasures: For areas with a minimum inundation height of flood of 5 m, emigration is 
proposed. For areas with an inundation height that ranges from 2 m to 5 m and areas that exhibit a significant trend 
of depopulation and aging, emigration is proposed. For areas without a high potential of flooding, flood control such 
as widening of the river, leveling down of the river bottom and strengthening of the levees are proposed. For areas 
with an inundation height that ranges from 1 m to 2 m, the construction of garages or increasing the ground level is 
proposed (Table 1). 
    Regarding tsunami disasters, the literature [7] describes an inundation height greater than 2 m as generating 
building outflow and human suffering. Securing evacuation facilities is important in areas with a minimum 
inundation height of 2 m as a short-term countermeasure; this countermeasure is also critical in the case of flooding. 
From a long-term perspective, the promotion of emigration toward areas with low risk, such as areas with higher 
ground levels, is important. In areas with a maximum inundation height of 2 m and areas with a significant trend of 
depopulation and aging, the promotion of emigration is important. In areas without a significant trend, the regulation 
Area characteristic Inundation height: more than 5m From 2 m to 5 m From 1 m to 2 m From 0.5 m to 1 m From 0 m to 0.5 m 
Significant trend of 
depopulation Emigration Emigration Regulation of land use
Increased ground level 
Regulation of land use Increased ground level
Insignificant trend of 
depopulation Emigration Flood control 
Regulation of land use
Flood control
Increased ground level 
Regulation of land use Increased ground level
Significant trend of 
aging Emigration Emigration Regulation of land use Flood control Flood control
Insignificant trend of 
aging Emigration Regulation of land use Regulation of land use Flood control Flood control
Table 1. Land use policy against flood disaster. 
㻌
Area characteristic Inundation height:  more than 2m Less than 2m
Outside of assumed 
inundation area 
Significant trend of 
depopulation Emigration Emigration Regulation of land use
Insignificant trend of 
depopulation Emigration Regulation of land use Regulation of land use
Significant trend of  
aging Emigration Emigration Regulation of land use
Insignificant trend of  
aging Emigration Regulation of land use Regulation of land use
Table 2. Land use policy against tsunami disaster. 
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of land use or buildings, such as the promotion of the constructing to reinforced concrete (RC) structures is 
important. In the East Japan earthquake, the damage was generated outside of the assumed inundation area, 
according to the hazard map used by local governments. Based on this information, specific countermeasures, such 
as increasing the ground level and constructing RC buildings in fringe areas around the inundation area, are also 
proposed (Table 2). 
On the hazard map of Toyohashi, the risk of ground liquefactions is classified by four categories according to the 
PL value as follows; extremely low (PL = 0), low (more than 0 to 5), high (more than 5 to 15), and extremely high 
(more than 15). The PL value is an indicator of the degree of severity of the liquefaction. Iwasaki [8] suggests that 
areas with a value higher than 5 PL generally require some countermeasures. We determined that areas with a risk 
that exceeds the “high” risk of ground liquefactions require soil improvements. In addition, the areas with 
“extremely high” risk or a significant trend of depopulation and aging require land use countermeasures, including 
emigration (Table 3). 
4. Experimental development of support tool 
We assumed that because a developed support tool requires a database, a land use policy that considers future 
depopulation and natural disaster risk should be explore to realize an intensive urban structure. The database should 
enable users to select, overlay and analyze the data according to various situations. Therefore, we developed a 
support tool using GIS techniques that consist of a database of the following data: 
1) Data about future populations 
    Based on the population data by the national population census in 2005, future populations were calculated in 
units of minimum local community area using the cohort method, which is a popular method for calculating future 
populations. To understand the concrete population distribution, we created additional population data that is 
composed of a 100 m by 100 m grid cell. The method for constructing the grid cell data is as follows: First, empty 
grid cell data was displayed on a satellite image. Second, the number of grid cells for a residential area was 
calculated. Last, calculated population data was divided by the number of grid cells and the number of populations 
was entered in each cell. 
2) Data about natural disaster risk in urban areas 
    To determine the areas with a high risk of tsunamis, ground liquefactions and floods, we displayed a hazard maps 
that shows these disaster risks and the history of disaster damage. We converted the data to GIS data. 
3) Data about land use 
To understand the existing land use conditions, we created a land use map that displays urbanization promotion 
areas, urbanization control areas, and land use zoning. To understand the future land use policy in a target city, we 
created a figure that shows the future land use and a map that displays concrete future land use from the MP of 
Toyohashi. To understand the characteristics of the target area, such as data about the urbanization history, old maps, 
urban structures, ground elevations, satellite images, and air photographs were collected. We converted the data to 
GIS data. 
Area characteristic Extremely high High Low Extremely low
Significant trend of 
depopulation
Regulation of land use 
Soil improvement Soil improvement Soil improvement Unnecessity
Insignificant trend of 
depopulation
Regulation of land use 
Soil improvement
Regulation of land use 
Soil improvement Soil improvement Unnecessity
Significant trend of  
aging
Regulation of land use 
Soil improvement
Regulation of land use 
Soil improvement Soil improvement Unnecessity
Insignificant trend of  
aging
Regulation of land use 
Soil improvement Soil improvement Soil improvement Unnecessity
Table 3. Land use policy against ground liquefaction disaster. 
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5. Case study 
The case study was performed to demonstrate the usefulness of the developed support tool for the exploration of 
land use policy. We explored some land use policies that consider the risk of floods, tsunamis and multiple disasters 
and provided some examples of data using the developed tool. 
5.1. Case of Flood 
Figure 1 displays the following features: 1) a map of assumed inundation height for a flood superimposed on the 
variation in population density from 2005 to 2050, 2) a map of the assumed inundation height for a flood 
superimposed on the population density in 2050, 3) a map of the center core area, the sub-core areas and the 
settlements in 1899, which comprise the record of previous land use, superimposed on the land use policy in the MP. 
By confirming these data, experts such as local government and consultant staff (users) can determine areas with a 
high flood risk and a significant trend of depopulation.  
Focusing on point a) including areas with a minimum inundation height of 5 m, users can determine the 
following points: This area is projected to have a high trend of depopulation and a low population density in 2050. 
The future land use policy of this area described in MP is agricultural land, same as current condition. According to 
the land use policy in table 1, the promotion of emigration to an area without a risk of flooding is a potential 
Fig. 1. Example of providing information by using the support tool᧤Case of flood᧥
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countermeasure. Using the 100 m by 100 m grid cell data to analyze the population distribution, users can 
understand that the majority of this area encompasses agricultural land and the required housing distribution to avoid 
areas with a maximum inundation height of 5 m. For example, users can explore the following land use policies: 
From a short-term perspective, securing evacuation facilities near the residential area is proposed, whereas the 
promotion of emigration and the promotion of consolidation in a neighboring area that is designated for urbanization
are proposed from a long-term perspective. 
    Focusing on point b) having an inundation height that ranges from 2 m to 5 m and located in an urbanization 
promotion areas, this area exhibits a low trend of depopulation. According to the land use policy that was organized 
in table 1, the promotion of emigration to an area without the risk of flood is a potential countermeasure. However, 
this area is also projected to have a high population density in 2050. As a result, promoting emigration in the area is 
challenging. Therefore, users can explore the following land use policies: From a short-term perspective, safety 
measures such as securing evacuation facilities, flood control by widening of the river, leveling down of the river 
bottom and strengthening of the levees is important. From a long-term perspective, the promotion of emigration to 
the center core area, its neighborhoods and the south area across the river is important. The center core area is an 
older urban area. In recent years, hollowing out of the area has become a significant problem. Promotion of 
emigration from point 2) to the center core area will also mitigate the problem of hollowing out of the area. 
5.2. Case of tsunami 
Figure 2 displays the following features: 1) a map of the assumed inundation area of tsunamis superimposed on 
the variation in the population density from 2005 to 2050, 2) a map of the assumed inundation area superimposed on 
the variation in the senior population density from 2005 to 2050, 3) a satellite image of the existing land use 
conditions. By confirming these data, users can easily understand areas such as point 3, which exhibits a significant 
Fig. 2. Example of providing information by using the support tool᧤Case of tsunami᧥
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trend of depopulation and aging and a high risk of tsunamis. In the hazard map used by Toyohashi, the inundation 
height of this point is less than 1 m. According to the land use policy that was organized in table 2, the promotion of 
emigration to an area without the risk of tsunamis or land use regulations is a potential countermeasure. However, 
the existing land use conditions in this area consist of residential areas near Toyohashi station (Fig. 2-3), where 
similar future land use is also planned (Fig. 1-3). From the perspective of activating the center core area and creating 
a compact city, users can explore countermeasures such as the promotion of emigration from this point to the areas 
around Toyohashi station as the center core area.  
However, the promotion of emigration is challenging because the population density in this area is projected to 
remain high in 2050 (Fig. 1-2). Therefore, users can understand the need for countermeasure in a residential area by 
promoting safety via increasing the ground level and land use regulations. 
5.3. Case of overlaying multiple disasters 
By superimposing data that shows the risk of different disasters, users can identify the areas with a high risk of 
multiple disasters. Figure 3 shows 1) a map in which the inundation height for floods, the inundation area for 
tsunamis and the area with a high risk of ground liquefaction are superimposed; 2) satellite images that display 
existing land use conditions, 3) a map of the center core area, sub-core areas and settlements in 1899, which provide 
a record of previous land use, superimposed on the land use policy in the MP. By confirming these data, users can 
understand the areas with a high risk of flood, tsunami and ground liquefaction, such as point 4 and point 5 in Figure 
3. To prevent damage from these disasters, the promotion of emigration to areas without the risk of these disasters is 
a potential countermeasure. Existing land use conditions in these points is an area that enables the construction of 
housing and industrial facilities. Numerous housing and industrial facilities are distributed (Fig. 3-2). Future land 
use that is similar to the existing land use is planned (Fig. 3-3). Focusing on point 4, the safety of this area is 
Fig. 3. Example of providing information by using the support tool᧤Case of overlaying multiple disaster risk᧥
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promoted by the improvement of the levees. Considering the case of unanticipated tsunamis, the East Japan 
earthquake, a high risk of flood and ground liquefaction, users can assess whether the promotion of emigration is 
important from a long-term perspective. As an area for emigration, users can explore the following opinions: The 
neighborhood areas are not suitable because of the high disaster risk in these areas. The center core area in the 
vicinity of Toyohashi station is suitable because it is not assumed to be a disaster risk.  
Focusing on point 5, users can understand that existing land use conditions are divided into agricultural land and 
residential areas by a main road. Similar to the exploration of point 4, the promotion of emigration to the center core 
area near Toyohashi station is a potential countermeasure for the residential area because the area is not assumed to 
be a disaster risk.  
6. Conclusion 
In this paper, we developed a tool that supports exploration of a land use policy to realize an intensive urban 
structure, which considers future depopulation and urban vulnerability to natural disasters. This tool can be 
employed by local governments to create their MPs. From the results of the case study, the developed support tool 
can be used to support the exploration of consolidated urban structure in areas with a low risk of natural disasters. 
This finding is demonstrated by overlaying the data with which users can understand the areas with a significant 
trend of depopulation and aging. By overlaying the data, users can assess the existing land use conditions, future 
land use policy, and the history of land use from maps that display older development. The developed support tool 
can be used to review the land use plan described in the MP and to consider the actual conditions of the target area. 
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